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We present in this contribution the new system for Laser calibration of the ATLAS hadronic calorimeter
TileCal. The Laser system is a part of the three stage calibration apparatus designed to compute the
calibration factors of the individual cells of TileCal. The Laser system is mainly used to correct for short
term drifts of the readout of the individual cells. A sub-percent accuracy in the control of the calibration
factors is required. To achieve this goal in the LHC Run2 conditions, a new Laser system was designed.
The architecture of the system is described with details on the new optical line used to distribute Laser
pulses in each individual detector module and on the new electronics used to drive the Laser, to read out
optical monitors and to interface the systemwith the ATLAS readout, trigger and slow control. The LaserII
system has been fully integrated into the framework used for measuring calibration factors and for
monitoring data quality. First results on the Laser system performances studied are presented.
& 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
The hadronic Tile Calorimeter (TileCal) [1] is a sub-detector
covering the most central region η| | < 1.7 of the ATLAS detector [2]
at the LHC. The aim of TileCal is to perform precise measurements
of hadrons, jets, taus and the missing transverse energy as well as
to provide input signal to the Level 1 (L1) Trigger [3]. The sampling
calorimeter measures the energies of hadrons and jets by ab-
sorbing them with steel absorber plates embedded with plastic
scintillating tiles. The initial light has wavelengths 240–300 nm,
induced by ionizing particles, which is shifted to 420 nm by the
molecular lattice of the scintillator and wavelength shifting (WLS)
ﬁbers. The scintillators are read out on both radial sides by WLS
ﬁbers, transmitting the scintillation light from the tiles to photo-
multiplier (PM) [4]. Light yield and uniformity are improved by
wrapping the scintillating tiles and WLS ﬁbers in TyvecTM paper
and painting the edges of the paper. One end of the WLS ﬁber is
coated with an aluminium mirror to limit light losses in the ﬁber.
PMs are read out in low and high gain.2. Energy reconstruction
The deposited energy measured by a single PM was determinedB.V. This is an open access article uusing the Optimal Filtering method [5]. The algorithm extracts the
signal amplitude APM in units of ADC counts from a sampled pulse
shape. Calibration factors are applied to calibrate signals to the
electromagnetic scale [6] in units of GeV:
= × → × × × ( )→E A f f f fpC . 1PM PM ADC Cs Laser pC GeV
EPM represents the energy measured by a single calorimeter
channel. The calibration factor →fpC GeV is determined in dedicated
electron testbeam analyses. Calibration factors →fADC pC [6], fCs [6]
and fLaser [7] are obtained by calibration systems.3. Calibration systems
Dedicated systems are in place to calibrate TileCal. Generated
calibration factors are used in the energy reconstruction. A sketch
of the calibration architecture is given in Fig. 1.
3.1. Cesium system
The calibration factor fCs is calculated for each readout channel
in dedicated Cesium scans. A movable 137Csγ source emitting
662 keV γ-rays is hydraulically transported through source tubes
approximately each month. The Cs system calibrates the optics
and PMs and provides an absolute scale determination. These
scans are used to diagnose the optical instrumentation, to measurender the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Fig. 1. TileCal calibration system scheme.
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lorimeter at the electromagnetic scale with a precision better than
0.3%.
3.2. Charge injection system
CIS is used to measure the pC/ADC conversion factor →fADC pC for
the digital readout of physics and Laser calibration data. It simu-
lates physics signals in the different TileCal channels by injecting a
known charge and measuring the electronic response. CIS cali-
bration factors are calculated from dedicated CIS runs and are
stable over time. The uncertainty, dominated by systematics, is
0.7%.
3.3. Laser calibration system
The Laser calibration system is dedicated to monitoring and
calibrating the gain and linearity of each Tile PM and is useful for
timing studies. Laser calibration factors fLaser are calculated from
dedicated Laser runs, taken several times per week. The Laser
system is also used in the empty orbits during physics runs, to
monitor the short-term PM gain variation and to monitor timing.
The LaserI emitted a beam of 532 nm light in short 15 ns pulses to
simulate physics signals. A total of 384 ﬁbers distribute the laser
light into the TileCal PMs. The system shows large variations of the
light transmitted by each ﬁber as a function of time (see Section
4.3). Gain variation were obtained, subtracting global and ﬁber-by-
ﬁber shifts from observed gain variations. Fiber shifts were com-
puted using channels in the outermost radial layer, which are
stable because they are affected by a low radiation dose. Using the
described method, the estimated precision of laser corrections is
0.35%.4. Laser calibration system upgrade
Late 2014 the LaserI system was replaced by an upgraded La-
serII calibration system. This was necessary due to the ageing of
the old system and due to the fact that in Run2 the outermost
radial layer will be more radiated due to the increase in beam
energy and luminosity. Therefore it will not be possible anymore
to use these channels to determine the ﬁbers shifts. Mechanics
and optics for distributing the light are designed to improve the
time stability. The number of Laser monitoring channels was in-
creased. The electronics driving the Laser pulses and interfacing
with the ATLAS Data Acquisition (DAQ) and LHC clock are im-
proved to cope with higher LHC rates.4.1. Electronics
A completely new VME card was designed. Functionalities such
as signal charge integration, slow control and Laser pulsing, event
builder/data transfer, linearity scans, previously assigned to dif-
ferent cards, are now integrated in a single Altera Cyclone V FPGA
card. The main components implemented in the FPGA are the
interface to the digitizers with charge integrators for the analog
signals from the monitoring photodiodes, the interface of the
event formatting to the ATLAS DAQ, and the handler of the timing
signals from the LHC clock and the ATLAS L1 trigger. Other blocks
connected to the FPGA are the driver for charge injection into the
diode front-end electronics for linearity checks, the time-to-digital
converter used to deﬁne the internal timing of the calibration
signals, the interface to the detector control system and the driver
of the Laser pump.
4.2. Optics box
The LaserII optics box houses all optical elements including the
Laser head, J40-BL6S-532Q (432 nm) from Spectra-Physics, and is
designed to be compact and light tight. Ten photodiodes are used
to read out the monitor signals from the optics box. The photo-
diodes are calibrated using LED pulses normalized to an Amer-
icium α-source signal read out by a reference photodiode. A PM
box hosts two PMs for triggering the local DAQ with the Laser
pulses. The drivers for the active mechanical devices, e.g. the
shutter and the ﬁlter wheel, reside inside the optics box. Light
mixers expand the Laser beam to allow the light to be distributed
over the ﬁbers leading to the PMs, see Fig. 2.
4.3. Characterization study
The stability of the LaserII system has been tested using a spare
TileCal module on the surface, see Table 1. Measurements were
performed in a period of one month. LaserI results are also re-
ported. In this case the corrections discussed in Section 3.3 were
not applied.5. Conclusions
A new LaserII calibration system was designed and installed at
the ATLAS hadronic calorimeter TileCal. The new LaserII system
has an improved time stability and uniformity of the light dis-
tribution with respect to the old LaserI system. Electronics has
been redesigned to cope with Run2 beam conditions.
Fig. 2. (1) Laser, (2) mixer, (3) expander, (4) ﬁlter, (5) shutter, (6) ﬁbers, and (7) patchpanel.
Table 1
Results obtained in one month stability runs using LaserI and LaserII.
Old LaserI New LaserII
Stability of PM/diode 1% <0.5%
Stability of diode/ref. 1.1% <1%
Stability of electronics 0.3% 0.1%
Linearity of electronics 1–2% 0.5%
Light mixing non-uniformity 10% <5%
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